HTML AESTRACT * LINKEES

JOURNAL OF APPLIED PHYSICS VOLUME 95, NUMBER 5 1 MARCH 2004

Vortex-type domain structure in Co-rich amorphous wires
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Investigation of the surface magnetic domain structure has been performed in Co-rich, nearly zero
magnetostrictive, amorphous wires using magneto-optical Kerr effect magnetometry and
microscopy. The formation and motion of a multidomain vortex-type structure with curved domain
walls have been observed in amorphous wires. The possible origins of the existence of the
vortex-type structures in these amorphous wires are discusse®00® American Institute of
Physics. [DOI: 10.1063/1.1646439

The magnetic properties of amorphous wire prepared byCogy,Fe;) 7, Siy» B15 (diameter 12Qum) obtained by an in-
an in-rotating-water quenching technique are very interestingotating-water quenching technique were produced by Uni-
because of their potential technological applications. Co-richika Ltd. The length of the studied wires was 7 cm. The
wires with nearly zero magnetostriction attract special attenprocess of magnetization reversal in the surface area of the
tion, because they show a giant magnetoimpedd@@l)  wires has been studied by a MOKE loop tracer and by a Kerr
effect? that has recently been found in these wires. Thismicroscope employing an image processor. When the loop
GMI effect is of great interest in sensor applications. Thetracer was used, a polarized light of He-Ne laser was re-
importance of investigating the magnetic structures in thdlected from the wire to the detector. The beam diameter was
surface area of the wires is demonstrated by the known coB.8 mm. For the case of the transverse Kerr effect, the inten-
relation between the GMI and the magnetic skin effect. Thesity of the reflected light was proportional to the magnetiza-
present work is devoted to the investigation of magnetic dotion, which was perpendicular to the plane of the light. For
main structure in the outer shell of an amorphous wire bethe case of the longitudinal Kerr effect, the rotation of the
cause of its special place in the origin of the GMI effééts  angle of the light polarization was proportional to the mag-
it was noted in Ref. 4, the impedance is sensitive to a surfacgetization, which was parallel to the plane of the light. A pair
magnetic configuration at high frequencies when the skirof Helmholtz coils provided an axial magnetic field. To pro-
effect is essential; therefore, the characteristic features afuce the circular magnetic field, an electric current flowing
impedance-field behavior are closely related to a quasistatithrough the wire has been used.
magnetization process. During the experiments, special at- Figure 1 presents the transverse Kerr effect dependence
tention was given to the behavior of the surface domainsn the electric currenfl) flowing through the wire and pro-
under the action of an axial magnetic field, considering thatlucing the circular magnetic field. In addition, Fig. 1 pre-
the GMI effect is very sensitive to the axial magnetic field. It sents the domain patterns obtained by the Kerr microscope.
was also taken into account that the transformation of surfac®he magnetization reversal appears between two states with
magnetic domain structure under axial magnetic field has naspposite directions of circular magnetization in the outer
been studied in detail in these wires. The investigations havehell of the wire. The “black” and “white” colors corre-
been performed using the magneto-optic Kerr effectspond to these two opposite directions of the circular mag-
(MOKE) technique, which is recommended as a very usefuhetization. It is possible to observe the nucleation of circular
and informative method for the study of the surface domairdomains with successive domain-wdlDW) propagation
structure in amorphous ferromagnetic wirés. [Fig. 1(b)] and the formation of the domain structure of bam-

The investigations have been performed in nearlyboo type[Fig. 1(c)]. The change of the DW shape takes place
zero magnetostrictive, amorphous wire having circum-during the DW propagation. This is related to pining effect of
ferential magnetic anisotropy in the outer shell. Thethe DWs.
Co-rich ferromagnetic wires of nominal composition If the behavior of surface magnetic structure in the cir-
cular magnetic field looks as is predicted taking into account

dAuthor to whom correspondence should be addressed; electronic maithe circular .amSOtmpY in the outer shell, the' results Of
wuxchcha@sc.ehu.es magneto-optical experiments for the case of axial magnetic

0021-8979/2004/95(5)/2933/3/$22.00 2933 © 2004 American Institute of Physics

Downloaded 26 Jan 2009 to 150.69.123.200. Redistribution subject to AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp


http://dx.doi.org/10.1063/1.1646439

2934 J. Appl. Phys., Vol. 95, No. 5, 1 March 2004 Chizhik et al.

«»  circular field, transverse effect 2 1, axial field, longitudinal effect
= 1.0f , = 1.0f
> ﬂ = i '
g { 3 J
- i A I ~(d)
2 00 1N\ g 0.0
2 IaC 2 /g
805 Iy 2 -05} (®)
E @ ] o D) | f
) -_J,J\(b) = (a) ¥
§-1 0 o - & -1.0 ! -
of1 008 00 X 04 -02 00 02 04
H, Oe
t H wire axis

FIG. 1. Transverse Kerr effect hysteresis loop obtained in circular magnetic ~ (€) ;
field and images of surface domain structure.

field are unexpected. Figure 2 presents the hysteresis loop
and the domain patterns obtained when the external magnetic
field was applied along the wire axis, that is, perpendicular to
the direction of circular surface anisotropy. At the first stage
of the magnetization reversal procg¢&sg. 2(b)], the change center
of magneto-optical contrast, observed in some areas, can be of vortex
attributed to the rotation of the magnetization. Further, the
complex multidomain structure app€dsg. 2c)]. The trans-  FiG. 2. Longitudinal Kerr effect hysteresis loop obtained in axial magnetic
formation of this domain structure is accompanied by thefield and images of surface domain structure.
DW motion [Figs. 2d) and Ze)]. At the last stage of the
magnetization reversal process, fluent change of the contrast
also takes placgFig. 2(f)]. the positions of DWs between the domains of 1-2 and 3-4 are
Analyzing the results obtained, we used the schematioot so evident. It should be related to the value of the angle
pictures of domain structure in the outer shell of the wire® at which the magnetization rotates in the DWs. There are
(Fig. 3). When the absolute value of the axial magnetic fieldtwo types of DWs. The anglé® of the DWs of the first type
is high, the magnetization is directed along the wire axisis close to 180° and is easily observed. The anplef the
[Figs. 3a) and 3f)]. These conditions are depicted as “gray” DWSs of the second type is small and is determined by the
[Fig. 2@]. When the magnetic field decreases, the change dfclination of the magnetization from the axial direction.
the contrast occurs in the wire surface and the formation oburing the magnetization reversal, fluent DW motion and
some modulated structure is obserny&iy. 2(b)]. The axial  jump-like rearrangement of the whole domain structure takes
projection of the magnetization in these predomain states iplace. In this way, the domains of 3-4 types replace the do-
equal, but the circular projections differ from each othermains of 1-2 type$Figs. 4e) and 2f)]. Further, the magne-
[Fig. 3(b)]. The appearance of domains with the oppositetization in the domains of 3-4 types rotates towards the axial
axial direction of the magnetizatidifrig. 2(c)] is the second direction and the contrast disappears.
stage of the magnetization reversal. This moment is shown The four-domain structure presented in the Figg)-2
schematically in the Fig.(8). This appearance is reflected in 2(e) can be considered as a specific magnetic vorterta-
the hysteresis looffFig. 2) as a sharp change of the magneto-tion of the magnetization by 360° appears in this vortex.
optical signal. Thus, domains of four types exist on thisUnder the action of an axial magnetic field, the vortex moves
stage. They are marked as 1, 2, 3, and 4. The DWs betweaompactly in the surface of the wire, taking part in this way
the domains of 1-3 and 2-4 types are clearly observed, buh the magnetization reversal. In the FigeRthe domain
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successive DW motion. This is possible when the circular
anisotropy is low and the DW mobility is high. In the present
experiments, we can observe some intermediate regime in
which the rotation of the magnetization is changed at some
moment by the domain nucleation and the DW motion. The
vortex structure appears at this moment.

One of the additional reasons for the vortex structure
appearance could be the shape anisotropy of the wire. As was
shown in Ref. 8, the nonplanar nature of the sample could
initiate the formation of magnetization fluctuation of the vor-
tex type. From another perspective, in Ref. 9, it was demon-
strated theoretically that the formation of some twisted struc-
ture in the inner core of Co-rich amorphous wires is possible.
Thus, the experimentally observed vortex-type structure
could be considered as a reflection of the domain structure
rearrangement in the inner core in the context of a strong
relation between domain structure in the inner core and the
outer shell of the wire.

In conclusion, the mechanism of the magnetization re-
versal process has been investigated in Co-rich, nearly zero
magnetostrictive, amorphous wires with circular surface an-
isotropy using MOKE. It was found that in the presence of
an axial magnetic field, magnetization reversal appears as a
fluent rotation of the magnetization, followed by the forma-
tion of a domain structure containing domains of four differ-
ent types, and curved domain walls. This structure, which
can move along the wire surface, could be considered as a
magnetic vortex. The formation of the vortex-type structure

FIG. 3. Schematic diagram of the evolution of the surface domain structurén the surface of the wire could be related to some twisting
in the axial magnetic field. Arrows show directions of the magnetization inprocess appearing in the inner core of the wire and to the

the surface domain structure.
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